Physico-chemical and mechanical properties of geopolymer materials(cement, mortar, and concrete) were studied. Various mixes are prepared using different liquid/solid ratios (L/S) by weight. Sodium hydroxide pellets (SH) and commercial sodium silicate liquid (SSL) are used as an activator which is dissolved in the mixing water. The hydration characteristics of the different mixes have been tested via determination of bulk density, total porosity, combined water, compressive strength, and XRD analysis at different time intervals from 1 up to 180 days in water. The results showed that the combined water content of the geopolymer materials gradually increases up to 180 days in all mixes. The bulk density increases while the total porosity decreases, as a result of the chemical reaction (geopolymerization process) with formation of new products fill the pores. The compressive strength also increases up to 180 days in all mixes. The data show that SSF1 (95% GGBFS+5 % SF) activated by (24.4% by wt. SSL, and 4 M SH), S3 (100 % GGBFS) activated by (21.7% by wt. SSL, and 4 M SH), and SMK1 (50 % GGBFS+50 % MK) activated by (31.8 % by wt. SSL, and 4 M SH) all in 95% R.H conditions are the most appropriate binding materials (geopolymer pastes) that have good different properties. GM 3 (100 % GGBFS) with a standard sand show the most appropriate mortar mix in different properties.GP Conc. 4 (100 % GGBFS) with a standard sand, and dolomite aggregate in 95% R.H showed the most appropriate concrete mix in different properties, that can be used as alternative building material to the ordinary Portland concrete.
Introduction:
Geopolymer is a class of inorganic polymers formed by reacting silica-rich and alumina-rich solids with a high alkaline solution, which combines the properties of polymers, ceramics and cements. Nowadays, geopolymer studies are receiving note worthily increasing attention because they may be used as a viable economical alternative to organic polymers and inorganic cements in diverse applications, such as aircraft, hightech ceramics, *Corresponding author: mostafammamma@gmail.com thermal insulating foams, fire-proof building materials, protective coatings, refractory adhesives and hybrid inorganic-organic composites. This interest is due to their exceptionally high thermal and chemical stability, excellent mechanical strength, adhesive behavior and long-term durability.
Geopolymers are amorphous to semi-crystalline equivalent of certain zeolitic materials with excellent properties, such as high fire and erosion resistances, and high strength materials. Recent works have shown that the addition of moderate amount of minerals to a geopolymer can give significant improvements on the geopolymer structure and properties. The alkaline activation of materials can be defined as a chemical process that provides a rapid change of some specific structures, partial or totally amorphous, into compact cemented frameworks.
Many industrial by-products and other kinds of minerals can be used to produce the geopolymers. The geopolymerization reaction is very sensitive to different raw materials (particle size and distribution, crystallization degree), nature of alkali-activators (Sodium/potassium hydroxide, Sodium/potassium silicate, the ratio of these two), Si/Al ratios, water/ash ratios, curing conditions (temperature, moisture degree, opening or healing condition, curing time) (Alehyen, Achouri, & Taibi, 2017).
Geopolymer materials are such as blast furnace slag that is produced from the manufacture of pig iron. It forms when slagging agents (e.g., coke ash and limestone) are added to the iron ore to remove impurities. In the process of reducing iron ore to iron, a molten slag forms as a nonmetallic liquid (consisting primarily of silicates and aluminosilicates of calcium and other bases) that floats on top of the molten iron, slag was the first cementitious materials to be activated by alkali and due to its latent hydraulic properties (Li Sun et al., 2010) , also silica fume (SF) that is a byproduct of the smelting process in the silicon and ferrosilicon industry. The reduction of high-purity quartz to silicon at temperatures up to 2,000 o C produces SiO 2 vapors, which oxidizes and condense in the low temperature zone to tiny particles consisting of non-crystalline silica (Chandra et al., 2002) . Silica fume has been used as a high pozzolanic reactive cementitious material to make high-performance concrete in the severe conditions. This mineral admixture has highly been used in severe environmental conditions despite its several mixing and curing problems because of its acceptable early-age strength development (Khater, 2013).
Metakaolin is refined kaolin clay that is fired under carefully controlled conditions to create an amorphous aluminosilicate that is reactive in concrete. Like pozzolans such as silica fume, fly ash and blast-furnace slag, metakaolin reacts with the calcium hydroxide by-products produced during cement hydration. The particle size of metakaolin is generally smaller than cement particles, though not as fine as silica fume [Sherif, 2017] .
Geopolymers are relatively new type of binders that have been developed and are commercially available elsewhere in the world. Geopolymers are substantially superior to Portland cement in all performance measurements.Geopolymers require 30-60% less energy to make and release about 80% less carbon dioxide into the atmosphere, unlike Portland cement. This is because the source materials for geopolymers are by-products that have already gone through combustion in a power plant, or milling in a mine, which are processes analogous to transforming limestone into Portland cement clinker. Geopolymer can also use to make mortar, grout, concrete, and reinforced concrete [Sonafrank, 2010) .
2.
Materials and Method
Materials
The materials used in this investigation were ground granulated blast furnace slag (GGBFS), metakaolin (MK), silica fume (SF), sodium hydroxide pellets (SH), commercial sodium silicate liquid (SSL), local or standard sand, anddolomite aggregate. The chemical compositions of the used materials are given in Table ( 1). 
Procedure
Different mixes (paste, mortar, and concrete) are prepared as shown in Table ( 2.3, and 4). Sodium hydroxide pellets (SH) and commercial sodium silicate liquid (SSL) are used as an activator dissolved in the mixing water. The pastes are mixed in an automatic mixer for 2 minutes. The pastes are molded in the form of one cubic inch molds [Khater, 2013] , and jolted well by the jolting table. The geopolymer pastes are cured at about 100 % relative humidity at room temperature for 1 day in the incubator. The hardened cement pastes are then removed from the molds after attaining the final setting.Curing conditions were at water and 95 % RH for different time intervals. The mortar is preparedafter the optimum condition in paste are taken by mixing powder with sand (local or standard sand according to EN 196-1), and liquid with sand: powder: liquid ratio 3:1:0.5 according to EN 196-1 after mixed in the automatic mixer, mortar placed in the stainless steel mold 500 × 500 × 500 mm cubic shaped molds according to ASTM C150, then put the mold in the Toni Technik jolting table. Then cured in different conditions, the concrete is prepared after the optimum condition in mortar are taken by mixing powder with sand (local or standard sand according to EN 196-1) as mention before with small aggregate (Dolomite stones), and liquid with aggregate:sand:powder: liquid ratio 3:2:1:0.5 according to ISO 1920 after mixed in concrete mixer, concrete placed in the stainless steel mold 700 × 700 × 700 mm cubic shaped molds, then put the mold in the Toni Technik jolting table. Also curing condition was as mention. 
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Methods of investigation
The hydration characteristics of the different geopolymer mixes are investigated via: 1. Determination of bulk density, total porosity, and combined water content. 2. Determination of water consistency, and setting time (initial, and final). 3. Compressive strength measurements using compression and bending test plant ToniPRAX according to EN-ISO 4012 with a load measuring range from 3 to 300 KN. 4. X-ray diffraction analysis to identify the hydration products formed at different ages of the different mixes using ARL X"TRA X-ray diffractometer.
Results and Discussion: 3.1.Combined water content (Wn %)
The results of chemically combined water contents (Wn) for all paste mixes cured in water and 95% RH up to 180 days are represented in Tables (5) . The Wn content can be adopted as a criterion to evaluate the relative amount of hydration products and the relative hydration degrees between different samples with the same kind of hydration products. It is clear that the combined water content of the alkali-activated GBFS pastes (S1-SSF2) gradually increases up to 180 days in water and 95% RH. as shown in Table ( The Wn content of mix S1 at the age of 2 days in H 2 O is 4.88 %, but at mix S4 at the same age reaches 7.63 %, indicating that the degree of hydrolytic destruction of alkali activated GBFS increases with the content of Na 2 O. Table ( 5) indicates that the influence of
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increasing alkalinity on the hydration of GBFS increases with age. At the age of 180 days, Wn contents of the mixes S1, and S4 are 7.13 %, and 9.00 %, respectively, i.e., as the hydration time increases, the amount of hydration products increases. Hence, the chemically combined water content increases. Which may be mainly due to the highest hydraulic properties of GBFS with increasing the alkaline concentration. So, S4 shows the highest value of the chemically combined water of all mixes due to the highest concentration of the activator. In 95% R.H S2 showed higher Wn% than S1 in water curing conditions in all times, this may explain in 95% R.H reaction occurs better and more amount of products formed, also the combined water content of the alkali activated GBFS pastes gradually increases up to 180 days in all mixes as shown in Table ( 
3.2.Compressive strength (kg/cm 2 )
The compressive strength of the hardened geopolymer(pastes, mortar, and concrete) cured in water and 95% R.H are shown in tables (6-8). The compressive strength of all mixes increases with curing time in different curing conditions. However, Mix SSF1shows the highest values of compressive strength as paste at most of curing ages of hydration. As the amount of alkali activator increases up to 4 M, the compressive strength increases [Darweesh, 2006] . It is clear that the values of the compressive strength are related to the formation of more hydration products, which may be due to the acceleration of the activation process. Further increase in Na 2 O content (than 4 M) results in a decrease of the compressive strength. One plausible reason is that increasing of Na 2 O content in the activating solution may result in a reduced level of long-range structural ordering products By a comparison S1 in 95% R.H showed higher compressive strength than S2 in water curing conditions at the same concentration of activator, this may have explained by leaching of activator in water and decrease of its concentration unlike in 95 RH which is
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509 better, as shown in Table (6) [Darweesh, 2006] . Adding silica fume to GBFS in Mixes SSF1, and SSF2 shows that silica fume addition up to 5 % greatly enhances the geopolymerization process with the formation of a well-refined and compact matrix, where silica fume represents an enrichment source of amorphous silica and enhancing geopolymerization [Ho, 1997] . However, the further increase of SF content to 10 % in mix SSF2 leads to a decrease in the mechanical characteristics of the reaction product as shown in Table (6). Geopolymer mortar exhibit the same way as paste, compressive strength of all mortar mixes increases with curing time in different curing conditions.GM 5 showed the higher compressive strength of all mortar mixes this may be due to the higher activator concentration. By a comparison using standard sand with various grain size according to EN 196 as mix GM 3 was better than Local sand (natural siliceous sand) as fine aggregate with size 0.1 to 2 mm as mix GM 4 in the same conditions. Concrete is prepared according tothe optimum condition in mortar, compressive strength of all concrete mixes increases with curing time in different curing conditions. GP concr 4 shows the highest compressive strength. Using a small aggregate (Dolomite stones)gives a good strength as concrete. 3.3.Bulk density(dp gm/cm 3 )
The bulk density of the hardened activated geopolymer(paste, mortar, and concrete) cured in water and R.Hare represented in Tables (9-11 As the amount of the alkali activator content increases, the bulk density accordingly increases. S4 shows the highest value of bulk density is in good agreement with its compressive strength. Also the same thing occurs in mortar and concrete.There is a direct relationship between bulk density and compressive strength. 
3.4.Total porosity (%)
The total porosity of geopolymer pastes for all mixes cured in water and 95% RH are shown in Table ( 12) . As the alkaline activation of GBFS increases, more hydration products are formed, which precipitate in some of the available open pores leading to decrease the total porosity. The addition of 6 M of NaOHthe highest concentration of all mixes (mix S4) gives the lowest values of total porosity. Mix S5 shows the highest value of total porosity at 180 days this may be due to it contain ratio ofhigher amount of sodium silicate liquid than sodium hydroxide. The total porosity values are in a good agreement with compressive strength values, such that as the total porosity decreases the compressive strength increases.Also the same thing occurs in mortar and concrete. Using small stones of dolomite as a coarse aggregate plays a good role in decreasing the total porosity, and as a result increases the bulk density with increasing the compressive strength. There is a reverse relationship between total porosity and compressive strength. 3.5.Phase composition XRD patterns of geopolymer pastes samples are shown in Figs (1-4) . It can be seen that the peak represents C-S-H phase at 3.02 A ᴼ changes in the period of curing time between 2 to 28 days, suggesting that a poor crystalline C-S-H gel may be produced in the pastes. Indeed, once the GBFS powder is mixed with the alkaline solution, geopolymer gel and C-S-H gels could be formed after setting and hardening. The geopolymer paste exhibits an increase in the mechanical properties as represented in Table (6) . For all XRD diagrams, broad and diffuse peaks are shown, implying amorphous or short-ordering structure phases which generally present in the alkali-activated GBFS. In the alkali activated GBFS, the presence of the strong peak at d = 3.02 A ᴼ is attributed to C-S-H phases, which are composed of calcium silicate hydrate. The compressive strength is in a good agreement with XRD analysis.
Figure (1): X-ray diffraction patterns for mix 100 % GBFS S 1which shows the presence of C-S-H (Calcium silicate hydrate), Q (Quartz), and β C 2 S (Di calcium silicate) phases formed during the hydration reaction. Figure ( 2): X-ray diffraction patterns for mix 100 % GBFS S 3which shows the presence of C-S-H (Calcium silicate hydrate), Q (Quartz), and β C 2 S (Di calcium silicate) phases formed during the hydration reaction. Figure ( 3): X-ray diffraction patterns for mix 100 % GBFS S 4which shows the presence of C-S-H (Calcium silicate hydrate), Q (Quartz), C 3 S and β C 2 S (Di calcium silicate) phases formed during the hydration reaction.
Figure (4): X-ray diffraction patterns of mix (SS 2), which shows the presence of C-S-H (Calcium silicate hydrate), and β C 2 S (Di calcium silicate) phases formed during the hydration reaction.
Conclusions
 The combined water content of the geopolymer materials gradually increases up to 180 days in all mixes. The bulk density increases while the total porosity decreases, as a result of the chemical reaction (geopolymerization process) with formation of new products fill the pores.The compressive strength also increases in all mixes.
 The data shows that SSF1 (95 % GGBFS+5 % SF) activated by (24.4 % by wt. SSL, and 4 M SH), S3 (100 % GGBFS) activated by (21.7% by wt. SSL, and 4 M SH), and SMK1 (50 % GGBFS+50 % MK) activated by (31.8 % by wt. SSL, and 4 M SH) all in 95% R.H conditions are the most appropriate binding materials (geopolymer paste) that have good different properties.
 Silica fume addition up to 5 % greatly enhances the geopolymerization process with the formation of a well-refined and compact matrix, as silica fume represents an enrichment source of amorphous silica and enhancing geopolymerization. While the increase of SF content to 10 % in SS1 leads to the decrease in the mechanical characteristics of the reaction product.
 GM 3 (100 % GGBFS) with a standard sand show the most appropriate mortar mix in different property.GP Concr. 4 (100 % GGBFS) with a standard sand, and dolomite aggregate in 95% R.H show the most appropriate concrete mix in different properties, that can be used as alternative building material to the ordinary Portland concrete.
